Abstract: The reaction of K 2 [PdCl 4 ] with (S,S)-(i-Pr) 2 eddip diester (diisopropyl (S,S)-2,2'-(1,2-ethanediyldiimino)dipropanoate) resulted in {PdCl 2 [(S,S)-(i--Pr) 2 eddip-κ 2 N,N']} (1) and {PdCl[(S,S)-(i-Pr)eddip-κ 2 N,N',κO]} (2) with one hydrolyzed ester group. The compounds were characterized by spectroscopic methods and it was proved that the reaction is diastereoselective ( 1 H-and 13 C-NMR) in the case of 2 (one diastereoisomer of four possible). The structure of 2 was determined by X-ray diffraction analysis, indicating that the product is the (R,R)-N,N' configured isomer. In contrast, the reaction yielding 1 produced two of three possible diastereoisomers. DFT calculations support the formation of two diastereoisomers of 1 and of one diastereoisomer of 2.
INTRODUCTION
In a previous study, platinum(IV) complexes with R 2 edda (esters of ethylenediamine-N,N'-diacetic acid) ligands were prepared (R = Me, Et or n-Pr; Fig.  1, I ). 1 In contrast, reactions between homologous propionate ligands (R 2 eddp = = ROOCCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 COOR; R = Me, Et, n-Pr, n-Bu or n-Pe), and potassium hexachloroplatinates(IV) gave different products depending on the R moiety (Fig. 1, II and III) 2, 3 . For R = Me, Et or n-Pr, these reactions 390 KRAJČINOVIĆ et al. proceeded with the hydrolysis of the ester groups yielding [PtCl 2 (eddp--κ 2 N,N',κ 2 O,O')] (Fig. 1, II) . Structural analysis gave proof of the trans-dichloro arrangement. When R was n-butyl or n-pentyl, the isolated platinum(IV) complexes [PtCl 4 (R 2 eddp-κ 2 N,N')] maintained the ester functions of the ligand intact, see III in Furthermore, the work was extended by synthesizing chiral branched-chain esters, (S,S)-R 2 eddip = ROOCC (S) H(CH 3 )NHCH 2 CH 2 NHC (S) H(CH 3 )COOR (R = = Et, n-Pr, n-Bu, n-Pe, i-Pr or i-Bu), and the corresponding platinum(II/IV) complexes, {PtCl n [(S,S)-R 2 eddip]} (n = 2 or 4; Fig. 1, IV) . 4 Also here, as in the reaction of R 2 edda and hexachloroplatinate(IV), the ligands maintained their ester functional groups without hydrolyzing in the obtained complexes. Studies on the antitumoral activity of some Pt(IV) complexes with R 2 edda derived ligands showed higher cytotoxicity than cisplatin and the kinetics of the tumor cell death process induced by these complexes was considerably faster in comparison to that induced by cisplatin. 5, 6 The coordination mode of palladium(II) and platinum(II) is analogous, but the palladium(II) complexes are kinetically less stable than the platinum(II) complexes. 7, 8 Due to the similar coordination modes and chemical properties of palladium(II) and platinum(II) compounds, it was also decided to synthesize and characterize complexes of palladium(II) with edta tetraalkyl esters and ethylene-diammonium-N,N'-di-3-propanoic acid. 9, 10 In the light of the increasing interest in the biological activity of palladium(II) complexes, their antiproliferative activity is also of interest. [11] [12] [13] The complexes {PdCl 2 [(S,S)-(i-Pr) 2 eddip]} (1) and {PdCl[(S,S)-(i-Pr)eddip]} (2) were prepared and spectroscopically and structurally characterized. In addition, DFT calculations were conducted on the diastereoisomers of 1 and 2. Intensity data were collected on a STOE IPDS diffractometer at 220(2) K using graphite monochromatized Mo-K α radiation (λ = 0.71073 Å). A summary of the crystallographic data, the data collection parameters and the refinement parameters are given in Table I . The structure was solved by direct methods with SHELXS-96 and refined using full-matrix least-squa- res routines against F 2 with SHELXS-97. 17, 18 Non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were refined isotropically. They were placed in the calculated positions with fixed displacement parameters (riding model), except for H12 atom, which was found in the electron density map. The large displacement parameters of atoms C5, C6 and O1 are explained by oscillation in the crystal structure and because these atoms are far away from the palladium atom. The Diamond program was used for the representation of the structure. 19 The Cambridge Crystallographic Data Centre, CCDC No. 681419, contains supplementary crystallographic data for this paper.*
Computational details
Geometry optimizations were performed with the Gaussian 03 package. 20 All structures were optimized using the MPW1PW91 functional. 21 The SDD basis set for all atoms was employed in the calculations. 22, 23 All systems were optimized without symmetry restrictions. The resulting geometries were characterized as equilibrium structures by the analysis of the force constants of normal vibrations. Supplementary data associated with the quantum chemical calculations can be obtained from the authors upon request.
RESULTS AND DISCUSSION
The addition of an aqueous solution containing the ligand precursor [(S,S)--H 2 (i-Pr) 2 
Spectroscopic properties
The IR spectrum of 1 shows specific absorption bands: ν(C=O) at 1734 cm -1 (strong), (typical absorption for aliphatic esters), ν(C-O) at 1236 cm -1 (strong) and ν(CH 3 ) at 2983 cm -1 (medium). For comparison [(S,S)-H 2 (i-Pr) 2 eddip]Cl 2 exhibited the corresponding bands at 1734, 1239 and 2982 cm -1 , respectively. 4 The band for the C=O group is at the same position as in the spectrum of the free ligand, meaning that the oxygen atoms of the COOR moieties are not coordinated. In the IR spectrum of 2, there are two absorption bands for ν(C=O) at 1737 and 1644 cm -1 , indicating two different C=O groups, which is in correspondence with the hydrolysis of one of the isopropyl groups and the coordination of the residual oxygen atom. The ν(N-H) absorption bands at 3153 (for 1) and 3127 cm -1 (for 2) (both typical absorptions for secondary amino groups) may indicate that the coordination occurred via the nitrogen atoms. [2] [3] [4] For both complexes 1 and 2, the NMR spectroscopic measurements gave proof for their constitution. Selected data are given in Table II . The coordination of the N atoms gives rise to the formation of chiral centers, thus in principle, three diastereoisomers can be formed for [PdCl 2 {(S,S)-(i-Pr) 2 Fig. 2 ). Two sets of signals of about the same intensity (for each diastereoisomer one set of signals) were found (Table II) . Two of these 394 KRAJČINOVIĆ et al. three possible diastereoisomers (S,S)-and (R,R)-anti-1, will give rise (due to C 2 symmetry) to one set of resonances each for their ester branches. The third diastereoisomer, (R,S)-syn-1, is expected to give rise to two sets of signals, since the ester branches are non-equivalent in symmetry, although these two sets may coincide by chance. In contrast, four diastereoisomers are possible in 2: (S,S)-and (R,R)-anti-2 and (S,R)-and (R,S)-syn-2, but only one set of signals was found in both the 1 Hand 13 C-NMR spectra (Table II) . In the 13 C-NMR spectrum, it can be seen that two signals assigned to carbon atoms from the COO moieties are at very different shift values. Comparison with [(S,S)-H 2 (i-Pr) 2 eddip]Cl 2 gave proof that the signal at 169.6 ppm belongs to the ester carbon atom and the signal at 181.1 ppm belongs to the carbon atom of the carboxyl group that participates in the coordination via its oxygen atom.
eddip}] (1) ((R,R), (R,S ≡ S,R) and (S,S),
Solid state structure of 2 {PdCl[(S,S)-(i-Pr)eddip]} was found to crystallize in the monoclinic crystal system in the chiral space group P2 1 . The molecular structure is shown in Fig. 3 , and selected bond lengths and angles are listed in Table III. The Pd atom was found in square-planar coordination geometry with one [(S,S)-(i-Pr)eddip] -ligand coordinated through one carboxylic oxygen and two nitrogen atoms (κ 2 N,N',κO coordination mode) . The remaining coordination site is occupied by the chloro ligand. The crystal structure represents the (R,R)-N,N' configured isomer. The Pd-N bond lengths (1.995(5)-2.047(6) Å) are shorter than those found in palladium complexes with edta tetra-alkyl ester ligands (2.098(4)-2.106(7) Å). 9, [24] [25] [26] The Pd-N1 bond length is in the range for Pd(II) complexes with ethylenediamine ligands (2.03-2.09 Å). 14, 27 The Pd-O bond length of 2.019(5) Å in 2 is consistent with the range of values (1.999 (6) (1) Å, respectively). 9, 25, 26 In the structure of 2, intramolecular hydrogen bonds N1-H···O2 (N1···O2 = = 2.838(9) Å, N1-H···O2 = 102°) and intermolecular N1-H···O3 hydrogen bonds (N1···O3 = 2.997(8) Å, N1-H···O3 = 170°, Fig. 3 ), which fulfill the geometric parameters given in the literature, 30-33 were found. As the H atoms could not be located in the electron density map, the discussion of these hydrogen bonds is restricted to the heavy atoms. It may be possible that the hydrogen on the N1 atom participates in a bifurcated hydrogen bond, giving rise to the formation of one-dimensional chains in the crystals of 2.
Quantum chemical calculations
To investigate the selectivity of the formation of only one of the four possible isomers of 2 and to presume which two isomers were formed in the case of 1, quantum chemical calculations were employed. DFT calculations were conducted for the isomers arising from the coordination of [(S,S)-(i-Pr) 2 In the case of complex 1c, the results showed that (R,R)-anti-1c and (R,S)-syn-1c diastereoisomers appear to be structurally and synthetically feasible (Fig. 4) . Namely, the energy difference between the (R,R)-anti-1c and (R,S)-syn-1c isomers amounts to 0.7 kcal/mol (2.9 kЈ/mol), which is within the error of DFT calculations, so that these isomers are of the same energy. The third diastereoisomer (S,S)- 
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-anti-1c is 4.6 kcal/mol (19.2 kJ/mol) higher in energy than (R,R)-anti-1c and the formation of this isomer is not to be expected. This indicates that the obtained two isomers of 1, proved by NMR spectroscopy (within the sensitivity limits of NMR spectroscopy), could be assigned as (R,R)-anti-1c and (R,S)-syn-1c. This is consistent with a recently reported study on DFT calculations of platinum(II) complexes with the Et 2 edda ligand. 1 Furthermore, from the quantum chemical calculations, it is apparent that three of the four isomers of 2c have more strain and that they are higher in energy than (R,R)-anti-2c by 2.1-5.3 kcal/mol (8.8-22.2 kJ/mol) (Fig. 5) . Thus, this indicates that the (R,R)-anti-2c isomer is thermodynamically more stable than the other isomers and that the energy differences correlate well with the results from X-ray crystallography and NMR spectroscopic investigations. As can be seen from a comparison of the calculated and experimental bond lengths and angles shown in Table III (2) . In case of 1, two from the three possible isomers were detected ( 1 H-and 13 C-NMR spectroscopy). In contrast, the reaction yielding 2 is diastereoselective, only one from the four possible diastereoisomers was formed, (R,R)-anti-2 ( 1 H-and 13 C-NMR spectroscopy, X-ray structural analysis). Quantum chemical calculations for 1 proposed the formation of the (R,R)--anti-1 and (S,R)-anti-1 diastereoisomers and confirmed the formation of the (R,R)-anti-2 diastereoisomer for 2.
-Pr)eddip-κ 2 N,N',κO]} (2) са једном хидролизованом естарском групом. Једињења су окарак-терисана спектроскопским методама и доказано је да је ова реакција дијастереоселективна ( 1 H-и 13 C-NMR) у случају 2 (један дијастереоизомер од могућа четири). Структура једи-њења 2 је одређена рендгенском структурном анализом и нађено је да је добијени производ (R,R)-N,N' изомер. Супротно томе, у случају једињења 1 добијени производ је смеша два од три могућа дијастереоизомера. DFT прорачуни потврђују формирање два дијастереоизомера једињења 1 и једног дијастереоизомера једињења 2.
(Примљено 24. јуна, ревидирано 6. октобра 2008)
